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A B S T R A C T
Nowadays, cities host most of the world population. As a result of human activities within their boundaries, most
greenhouse gases emissions, natural resources consumption and waste generation are concentrated in urban
areas. For these reasons, studies focusing on assessing the sustainability of cities have increased in recent dec-
ades. Bearing in mind the three pillars of sustainability (social, economic and environmental), this study aims to
evaluate the level of sustainability of 31 representative Spanish cities through multiple sustainability indicators,
which have been aggregated into a composite sustainability indicator that is reported by a three-letter code.
Thus, each pillar of sustainability is represented by a letter A, B or C in the three-letter code, so that the letter A
corresponds to the best rate and C to the worst.
Within the geographical and socio-demographic framework of Spain, the results show considerable differ-
ences between the cities in the south and the north of the country. Accordingly, most of the cities with the best
sustainability scores according to the award of at least two A in the three-letters code are located in the north of
the country. Examples of this category are Pamplona and L’Hospitalet de Llobregat (both ranked as AAA). Cities
such as Murcia, Gijon, Badajoz and Huelva obtained the worst ranking with the CCC rating. For this group of
cities, actions for the improvement of sustainability have been identified.
1. Introduction
The world urban population has grown exponentially since 1950.
The causes of this accelerated population growth are multiple, the main
one being the migration from rural to urban areas, which provide
economic opportunities for citizens (Steffen et al., 2015). In addition to
developing countries, this increase in the population of cities is really
noticeable in countries with emerging economies, such as China, whose
urban population has increased from 20% to 50% in the last 20 years
(Bai et al., 2014). As a result, cities are currently undergoing urban
expansion and therefore, the number of megacities worldwide (cities
with more than 10 million of inhabitants) is increasing (Kennedy et al.,
2014). In terms of urban planning and population distribution, data
show that 60% of the global population will live in cities and urban
systems in the next two decades (Ibrahim et al., 2018; John et al.,
2019). This fact makes that cities generate more than 80% of the global
Gross Domestic Product (GDP), but at the same time, they contribute
more than 70% of the global Greenhouse Gas (GHGs) emissions af-
fecting Climatic Change (WorldBank, 2019). Furthermore, urban areas
consume 75% of natural resources, being highly dependent on sur-
rounding ecosystems and generating half of global waste (Chrysoulakis
et al., 2013) as well as they have a direct impact on the land use due to
the urban surface is estimated to increase by 150% in 2050 (Artmann
et al., 2019; Swilling et al., 2018). Furthermore, consumption of natural
resources currently exceeds the biological capacity of the Earth to
generate these resources, compromising the global society, economy
and environment (Swilling et al., 2013). Additionally, despite the
benefits of urban living associated to a greater access to services, other
socio-economic factors are also observed: unemployment rates, cost of
life, crime and poverty (Feleki et al., 2018; Phillis et al., 2017). In ad-
dition, socio-economic parameters such as inequality also affect the
environment, which may lead to an increase in atmospheric emissions
and water pollution (Boyce, 2018).
As a result, environmental problems arising from cities are at the
heart of the Agenda 2030 action plan established by the United Nations
in 2015, where, for the first time in history, all member countries are
committed to addressing major societal challenges over the next
15 years. In this regard, 17 Sustainable Development Goals (SDGs) were
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defined, involving the three pillars of sustainability (social, economic
and environmental). In more detail, the achievement of more sustain-
able cities is explicit in SDG number 11 (Sustainable Cities and
Communities), which focuses on making cities and human settlements
inclusive, safe, resilient and sustainable (United Nations, 2015). In this
context, the approach to sustainable development in cities is a prime
objective that policy-makers and governments must take into account
(Dodds et al., 2012). However, the lack of consensus among scientists
on the definition of sustainability in urban systems is significant
(Berardi, 2013; Tanguay et al., 2010). Kennedy et al. (2007) define a
sustainable urban system as one whose extraction of natural resources
and waste generation does not exceed the capacity of the environment
to regenerate these resources and to assimilate the waste produced.
Therefore, the sustainability of a city depends considerably on the
human activities performed within its system boundaries, involving
therefore agricultural, daily life, building, transport and industrial ac-
tivities (Cui et al., 2019). These activities are addressed in the concept
of urban metabolism (UM), introduced by Burgess (1925) to analyse the
growth of a city from a sociologist approach. Afterwards, the concept of
UM was adapted with the aim of quantifying material and energy flows
within the limits of a city (Wolman, 1965). Although the references
identifying the first works are documents from several decades ago, the
concept of UM, to which socio-economic processes were incorporated
into its definition (Kennedy et al., 2007), is still valid today, and thus, a
better understanding of the links between societies and the mentioned
flows is needed in order to identify the possibilities of fostering sus-
tainability (Dijst et al., 2018). Moreover, UM can be combined with
other assessment methodologies to obtain data about the status of an
urban area, such as material flow analysis (MFA) – considered as a
supporting tool to identify inventory data (mass and energy flows) –,
life cycle assessment (LCA), which identifies environmental burdens
arising from urban behaviour, input–output analysis (IOA), which in-
cludes economic parameters, and extended environmentally IOA – to
combine both environmental and economic indicators. However, the
concept of sustainability must be developed under three fundamental
pillars, considering social, economic and environmental aspects but
these methodologies only consider environmental issues, with the ex-
ception of IOA which includes economic data, and require additional
information in order to contemplate all dimensions of the sustainability
(Goldstein et al., 2013). The use of indicators and indices to analyse the
sustainability of urban systems has intensified since the 1992 Earth
Summit in Rio de Janeiro (Michael et al., 2014). In this sense, ISO
37120 (International Standardization Organization, 2014) proposes a
set of standard indicators that will be used for the assessment of cities,
municipalities or local governments. Furthermore, there are different
initiatives to define Sustainable Development Indicators (SDI), which
consider different approaches such as energy efficiency, optimization of
the urban transport system and waste management, among others
(Dizdaroglu, 2017). However, the selection and number of potential
indicators considered vary considerably according to the point of view
of evaluator (Tanguay et al., 2010). Designing a methodology to select
the best set of indicators based on all dimensions of sustainability is a
challenge, as it may depend on very different factors (i.e., the scale of
study and data quality).
The analysis of SDI could be applied at national, regional, muni-
cipal, neighbourhood or building level (Berardi, 2013). Regarding the
latter, it allows introducing advances in aspects such as the selection of
construction materials and building practices, mainly from environ-
mental and economic perspective (Cole, 2010). It is foreseeable that the
social dimension has little relevance when the analysis is carried out at
building level. However, a neighbourhood or city level approach should
include socio-economic variables associated with the interactions of
many social parameters (e.g. inequality) with the environment
(Berardi, 2013; Boyce, 2018; Huang et al., 2006). Studies at the re-
gional, national and global levels tend to pay more attention to eco-
nomic indicators (Copus et al., 2004). On the contrary, studies at local
level focus not only on economic but also on social and environmental
indicators (Copus et al., 2004).
Beyond the three equitable pillars of sustainability mentioned
above, some authors include an additional pillar that is the institutional
dimension of development, which seeks to identify aspects such as
governance, expenditures and public administration as socio-economic
and policy-making information to be taken into account. These pillars
can be divided in different categories – e.g. security, health, education,
well-being, housing or demographic among others are into social di-
mension. However, depending on the study, some categories may be
considered as opposed to others. This fact shows the lack of consensus
about which of these categories and how many dimensions should be
taken into account (Feleki et al., 2018; Tanguay et al., 2010).
Bearing in mind the selection of an adequate set of indicators,
mathematical tools such the Leopold Matrix, which establishes the in-
teraction between the magnitude of an effect on the environment and
the relevance of that effect, can be useful (Josimovic et al., 2014). This
model could be designed to establish a rating of indicators taking into
account their characteristics of simplicity, availability and easy to cal-
culate, (Feleki and Vlachokostas, 2018).
A large number of indicators provide more extensive and com-
plementary information than establishing a single value, but the need to
collect a large volume of data could complicate the understanding of
the results. Thus, the use of indexes or scores (e.g., the air quality index
that reports daily air quality by means of six different colours according
to the level of health concern) is increasingly recognized as specifically
useful for public communications (Feleki et al., 2018; Tanguay et al.,
2010). This is the case of developing composite indicators based on the
aggregation of different variables or indicators that make easier the
understanding of sustainability results and reduce significantly the
number of separated indicators (Dizdaroglu, 2017; Riedler and Lang,
2018). Nevertheless, aggregation of data may also imply a lack of va-
luable information or even the elaboration of simplistic policy conclu-
sions. As a result, it is necessary to develop a methodological frame-
work for selecting and assessing the indicators required to develop
sustainable action plans and adequately summarize multi-dimensional
issues (Copus et al., 2004).
A sustainability index is also based on the aggregation of selected
indicators. Indicators can be aggregated with an equal weight, i.e. all
indicators are given the same weight, or attribute greater contribution
or weight to some indicators than others in the same index Contrary to
equal weight, attributed weight allows to establish which indicators are
more relevant (Gan et al., 2017). The weighting method considered
plays a key role in the results achieved and attention should be paid to
the correlation and compensability between indicators, aspects that
should be perfectly defined in the description of the aggregation
methodology in order to avoid double counting in the index (Becker
et al., 2017).
Having in mind the relevance of weighting and aggregation, several
weighting and statistical techniques could be considered such as con-
joint analysis (CA), data envelopment analysis (DEA) or analytical
hierarchy process (AHP), among others (Carbajal-Hernández et al.,
2013; Nardo et al., 2008). On the other hand, the definition and es-
tablishment of thresholds as reference values to classify an item as
sustainable or not in agreement with the corresponding index is a
challenge for both scientists and politicians who require to be reliable
since it can lead to differences in sustainability rankings (Feleki et al.,
2018).
Taking into account the uncertainty and lack of consensus in the
scientific field on the evaluation of cities from a sustainability ap-
proach, this study aims to define an aggregation methodology to be
applied to a set of 31 Spanish cities distributed throughout the country
and classified by size. In the aggregation method, the AHP methodology
has been chosen as the weighting method for the definition of sus-
tainability index. Finally, a color sustainability label has been designed
for cities based on the development of a three-letters based scale that
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takes into account the results of the three pillars of sustainability.
2. Materials and methods
2.1. Description of the methodology
Building a composite indicator is a complicated procedure and re-
quires multiple stages such as the definition of a theoretical basis, se-
lection of representative indicators, collection of valuable data, nor-
malization, weighting, establishment of thresholds and interpretation of
results, among others (Nardo et al., 2008). Attention should be paid to
the procedure, as the final conclusions depend directly on the selected
set of indicators and must be coherent with the goal of the study. As
earlier mentioned, composite indicators or indices are useful for policy-
makers to assess the state of an urban area in a way that makes it
possible to develop specific sustainability strategies (Feleki et al., 2018;
Tanguay et al., 2010). However, the selection of an adequate set of
indicators (or variables) and the estimation of the aggregation method
must be carefully justified because of their effect on the global com-
posite indicator (Gan et al., 2017). For this reason, this section in-
troduces the developed methodology to assess the sustainability of ci-
ties, which will finally be applied to the Spanish set of cities to obtain
the corresponding sustainability ranking. Given that the theoretical
basis of the need to develop solid and well-founded strategies to define
sustainability in urban systems has been detailed in the introductory
section of this study, attention will be paid to the following stages of
constructing a composite indicator.
2.1.1. Selection of representative indicators set
The methodology adopted in this study to select the indicators to be
analysed is the one developed by González-García et al. (2019) to
analyse sustainability in municipalities but applied to Spanish cities.
According to this methodology, the selection process is divided into
four stages. First, an exhaustive compilation of indicators from different
specialized agencies and databases was carried out. Secondly, dupli-
cated indicators were removed. Next, a Leopold Matrix (Valizadeh and
Hakimian, 2019) was designed in order to reduce the number of in-
dicators and select the most appropriated ones based on criteria such as
prioritizing indicators with data available at city level and favouring
indicators that appear most often in the different data sources.
Table 1shows the criteria established in the aforementioned Leopold
Matrix and the corresponding marks.
Following the methodology considered, only indicators with scores
after the construction of the Leopold Matrix greater than 6 were se-
lected for evaluation, in order to ensure high representativeness and
availability. Thus, if an indicator appears on 3 data sources and data are
available at national level, this indicator should have a score of 3 for
frequency of occurrence in data sources and a score of 2 in data
availability (see Table 1). Therefore, the final mark linked to this in-
dicator should be obtained after multiplying the mentioned scores
achieving a value of 6. Therefore, this indicator comply the selection
criteria.
Finally, with the aim of achieving a suitable number of indicators, a
panel of experts composed of 17 people from different specialties was
selected in order to determine which indicators, previously selected
with the Leopold Matrix, could be considered relevant in the study
based on their own experience within the corresponding research fields.
Thus, experts from the following areas of knowledge were consulted:
Psychology (21%), Economic Sciences (32%) and Chemical and
Environmental Engineering (47%). Further, in this group of experts
there are members of the Galician Federation of Municipalities and
Provinces (FEGAMP)1 which are helpful in the terms of urban planning
and governance. The fact of considering several experts and from
different disciplines increases the impartiality of the method and re-
strains the selection of the most important indicators.
In this study and given that it focuses at city level, a further selec-
tion has been performed, removing from the list the pre-selected in-
dicators no relevant for the case study. This is the case of the indicator
“distance to continued attention points and hospitals”, which could be
representative at municipality level, but not at city level. However and
in order to maintain the number of indicators in the set, an additional
one has been introduced. This is the case of the “number of hospital
beds”. Consequently, Table 2 shows the final indicators to be con-
sidered in the sustainability assessment.
2.1.2. Normalization
Data collected from indicators may be in different units of mea-
surement, making it difficult to compare and operate with the different
values – e.g., the units corresponding of the indicator “number of
hospital beds” are completely different, for example, with the indicator
“population density”. Thus, prior normalization of data is necessary
before aggregating indicators.
There are different normalization methods (Ebert and Welsch, 2004;
Nardo et al., 2008) and depending on the method selected, different
results could be achieved. In this study, the method selected for nor-
malization was Re-Scaling. Consequently, all the normalized values
obtained for the different indicators should be between 0 and 1, cor-
responding 1 to the best value and 0 to the worst (Nardo et al., 2005).
For example, if three cities are selected (City 1, City 2 and City 3) that
report for two different indicators the values x1, x2 and x3 (for a sti-
mulant2 indicator) and y1, y2 and y3 (for a non-stimulant indicators)
respectively, the normalized value for the City 1 should be obtained
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where N1i is the normalized value corresponding to city 1 being i equal
to 1 for a stimulant indicator and equal to 2 for non-stimulant one. The
minimum between the values x1, x2 and x3 corresponds to min(x1; x2;
x3) and the maximum, to max(x1; x2; x3). The same nomenclature is
used for y1, y2 and y3. In this sense, the normalized values should be 1
for the best mark and 0 to the worst.
As the example shows, the re-scaling method compares values of
different items (cities in this case) for one indicator, and transforms the
maximum value of cities in the highest score and the minimum value
into the lowest. Furthermore, this method makes it very difficult to
establish a threshold for determining which values of each indicator are
sustainable or not, because the most sustainable city in a ranking of
Table 1
Established marks for the construction of the Leopold Matrix (Adapted from
González-García et al. (2019).
Criterion Score
Frequency of apparition in Data Sources Appears on 3 or more sources 3
Appears on 2 sources 2
Appears on 1 source 1
Data Availability City scale 3
Regional or national scale 2
No data 1
1 http://www.fegamp.gal/
2 Stimulant indicator is the one in which a high value is related with a positive
impact (e.g. gross domestic product). Contrarily, a high value in a non-stimu-
lant indicator should mean a negative impact (e.g. risk of poverty or un-
employment rate)
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cities could not be sustainable depending on the group of cities com-
pared. Within the sample analyzed, there are cities that have been
awarded the international recognition of sustainable city. These cities
are Vitoria-Gasteiz and Pontevedra (Barral, 2015; Rioja-Andueza,
2019). Therefore, they have been considered as reference points in the
analysis. Accordingly, the cities under comparison should be divided
into groups that take into account similar characteristics, e.g., their
population, with the aim of avoiding very different systems.
2.1.3. Aggregation and weighting
Once the values of indicators are normalized, they can be combined
in order to build the composite indicator. Aggregation and weighting
are methodologies that allow a set of normalized indicators to be
transformed into a composite indicator or index (Gan et al., 2017).
Aggregation determines the conceptual framework used in order to
combine indicators of the three pillars either separately or together
(Tanguay et al., 2010). There are different methods of aggregation:
additive (e.g., arithmetic), multiplicative (e.g., geometric) or non-
compensatory (e.g., multi-criteria analysis) aggregation methods. The
most common is the additive aggregation method, being the arithmetic
mean by far the most used (Gan et al., 2017).
On the other hand, weighting attributes a different weight for each
indicator. However, it is common the use of a method attributing the
same weight, and therefore, considering all indicators with equal re-
levance. Nevertheless, there are different methodologies such the ana-
lytical hierarchy process (AHP) or the principal components analysis
(PCA), among others, which assign different relevance to the indicators
(Gan et al., 2017).
In the present study, the selected indicators were classified into
three groups according the three pillars of sustainability: social, eco-
nomic and environmental; and the aggregating method selected was the
weighted arithmetic mean. Bearing in mind the procedure described by
González-García et al. (2019) for the selection of indicators, the same
weights attributed to each one by these authors have also been con-
sidered in this study, regardless of the indicators replaced. These
weights were obtained after the application of the AHP methodology.
This weighting method has been widely used in the composition of
different indices and is characterized by its ease of understanding and
implementation. Furthermore, this method is capable of integrating
different criteria and also simplifies complex hierarchy problems
Table 2
Set of indicators selected for analysis. Adapted from González-García et al. (2019).
Pillar Indicator Description Unit
Social Population graduated in secondary education Percentage of population with at least secondary education with
respect to the total population
PSE/Total Population
Number of registered gender violence cases Number of demands for gender violence No of demands/1000 inhabitants




Population rate at risk of poverty Percentage of population which incomes are 50% lower than the
average
%
People per household Result of dividing the population with the number of households in
the municipality
Inhabitants/Number of Households
Population that participated in the last
municipal election
Total number of people that have vote in the las municipal elections Account votes/electoral census
Population under 16 years old Percentage of people aged between 0 and 16 years %
Population older than 65 years old Percentage of people with more than 65 years %
Population annual net growth Growth population rate in the period from 2008 to 2017 %
Ratio of immigrants Percentage of people who have born in a foreign country registered
in the census
%
Population Density Population / Municipality surface Inhabitants/km2
Number of leisure facilities Number of a entertainment establishments in the municipality No. leisure facilities/1000 inhabitants
Hospitals Beds per Habitants Number of Hospitals Beds per inhabitants No. Hospitals Beds/1000 inhabitants
Total expense in social services Total expense in social services per inhabitant Expense in social services/inhabitant
Economic GDP per capita Gross Domestic product of the municipality per inhabitant €/inhabitant
City unemployment rate Unemployment rate of people at working age %
Average household income Income per person by number of people per household €/household
Number of permanent contracts signed per 1000
inhabitants
Number of contracts permanents signed in 2017 No. contracts/1000 inhabitants
Number of businesses per 1000 inhabitants Total number of business registered in the municipality No. business/1000 inhabitants
Municipal budget per inhabitant Adjusted budget €
Non-financial total incomes Non-Financial incomes in municipality per inhabitant €/inhabitant
Surplus/Deficit Difference between net budgetary rights liquidated and recognised
obligation per inhabitant
€/inhabitant
Indebtedness debt per inhabitant of the municipality €/inhabitant
Investment Real investments per inhabitant €/inhabitant
Average rental price per m2 Average monthly price of rental housing per square meter €/m2
Average sale price per m2 Average price of housing per square meter €/m2
Number of hotel places Number of places in hotels No hotel places/1000 inhabitants
Enviromental Ratio of public/private vehicles Number of buses per tourism and motorbikes %
Ozone Annual average concentration of the stratospheric ozone in air µg/m3
NO2 Annual average concentration of nitrogen dioxide in air µg/m3
PM10 Annual average concentration of particles with a diameter less than
10 µm
µg/m3
Total domestic water consumption per dwelling Domestic water consumption per year m3/households
Total electrical use per capita Electricity consumed per inhabitant and year MWh/inhabitant
Surface of green area Surface of green zones within the total city surface %
Surface of pedestrian zone Surface of pedestrian zones within the total city surface %
MSW collected Amount of municipal solid wastes collected in the municipality kg/inhabitant
Non-Compliance Wastewater Treatment Compliance with European regulations on water discharge Adimensional
Sustainability plan, participation in projects and
awards
number of current urban sustainability plans No. plans
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(Sutadian et al., 2017). In AHP method the relevance of each indicator
was evaluated over the others with scores between 0 and 9, being 9 the
value corresponding to absolute importance, that is, that which should
be predominant over the rest and 1 when both indicators present the
same importance. The relative weights of the indicators were calculated
using an eigenvector technique (Wind and Saaty, 2008). Finally, a
priority vector was obtained with a weight assigned for each indicator
between 0 and 1 for the indicators of each sustainability dimension.
Fig. 1 details the distribution of the weights assigned to each indicator
resulting from the AHP methodology.
2.1.4. Threshold establishment: rating letters for sustainability
After the aggregation and weighting stage, three composite in-
dicators should be obtained for each city, taking into account the three
pillars of sustainability. These composite indicators should have values
ranging from 0 to 1. In order to establish thresholds within these
composite indicators, they were divided for the quartiles into a
Gaussian distribution. Cities whose value of the composite indicator,
Fig. 1. Percentage distribution of the weights of the (a) social indicators, (b) economic indicators and (c) environmental indicators highlighting the five indicators
with greater weight attributed by the AHP method.
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regardless of the sustainability pillar, was higher than that of the third
quartile (Q3), obtained an A rating. Cities with values between the first
and third quartiles (Q1 and Q3 respectively) obtained a B rating. Finally,
cities whose values were worse than Q1 obtained a C rating. In this
sense, the best values of composite indicators were designed with the
letter A and the worst with C. For example, if the value of Q3 was 0.65,
and a city obtained a value of the social composite indicator of 0.68,
this city has a mark of A in the social dimension. Therefore, a city had a
code with 3 letters for each dimension of sustainability, and these let-
ters can be A, B or C, depending on the value of the city in the corre-
sponding composite indicator.
The present paper aims to define a sustainable city through this
three-letter code. In this sense, it was established that a city with at
least one A and no C in the code should be considered as sustainable
city. Therefore, according with this criterion, the sustainability of a city
depends on three independent values corresponding with the three
pillars of sustainability. Consequently, this is in line with the concept of
strong sustainability which considers that a poor result derived from low
values in the environmental indicators cannot be compensated with
satisfactory values in the economic or social ones (Cabello et al., 2019).
2.2. Case study
In the present study, a list of 31 Spanish cities has been proposed
(Fig. 2) for analysis. Among the cities considered there are the ones
with more than 250,000 ± 5,000 inhabitants that are Valencia, Se-
ville, Zaragoza, Malaga, Murcia, Palma de Mallorca, Las Palmas de Gran
Canaria, Bilbao, Alicante, Cordoba, Valladolid, Vigo, Gijon, L’Hospitalet
de Llobregat, Vitoria-Gasteiz and A Coruña.
These cities are representative of 11 of the 17 autonomous com-
munities that constitute Spain. Therefore, the most populated cities of
the rest of autonomous communities were selected in order to consider
representative cities in all regions. These cities were: Pamplona,
Albacete, Santander, Logroño and Badajoz. It should be noted that
Madrid and Barcelona: the two most populated and important Spanish
cities in cultural, economic and political terms (Ricoa et al., 2019;
Gómez-Losada et al., 2019), have not been taken into account due to
the large differences in terms of number of inhabitants with respect to
the rest of Spanish cities (the inhabitants of Barcelona are twice those of
the third most populated Spanish city, i.e. Valencia, and Madrid is the
third most populated city in the European Union).
However, some relevant cities at Spanish administrative level such
as Oviedo, Santa Cruz de Tenerife, Santiago de Compostela and Toledo,
have not been selected in the previously mentioned procedure.
Therefore, they have been also included in the analysis. Moreover, some
cities with small size were also selected to consider samples with dif-
ferent sizes of cities in all regions. These cities were Burgos, Huelva and
Ourense. Finally, other criteria of selection were taken into account in
order to complete the sample such as considering cities with an im-
portant historical heritage such as Tarragona and Lugo; as well as
Pontevedra, a sustainable city at international level (Barral, 2015).
The selected cities present good geographical dispersion and are
considered representative of all Spanish regions. Finally, these cities
were classified into three groups according to their population: large
(inhabitants> 350,000 ± 5000), medium (200,000 ± 5000 < in-
habitants < 350,000 ± 5000) and small (inhabitants< 200,000 ±
5000). This classification avoids comparisons between cities with large
differences in the number of inhabitants. Table 3 details the cities
evaluated and some outstanding characteristics such as population size,
population density and GDP.
2.3. Inventory data
Once the set of indicators and cities to be studied had been estab-
lished, a compilation of data for each indicator was conducted for each
city. For this purpose, the consultation of data was carried out con-
sidering local sources: websites of the municipalities; regional sources:
websites of the different regional statistics institutes, website of
Fig. 2. Location on the map of the Spanish cities considered in the study.
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regional governments and institutions (e.g. air quality data are avail-
able from meteorological agencies); national sources: Statistics National
Institute (Statistics National Institute, n.d.), national government
(Accountability, 2016; Government of Spain, 2016) and national in-
stitutions (Directorate General of Traffic, 2016; Electoral Commission,
2015; Public Service of State Employment, 2017), as well as data col-
lected from Spanish ministerial offices and services (Ministry of
Development, 2018; Ministry of Health Social Services and Equality,
2017). In addition, data were obtained from on-line observatories such
as Datosmacro (Expansion, n.d.), Idealista (Idealista, 2016), Spanish
companies guide (Universia, 2019) and the Ais group (Ais Group,
2016). Mention has also been made of data from cities that do not
comply with the regulations on wastewater treatment, information
compiled through a newspaper article published in El País (Planelles,
2018).
Regarding information corresponding to leisure facilities, it was
estimated by means of a Google search in the different Spanish cities
taking into account different leisure options: leisure centers, theatres
and concert halls, cinemas, art galleries, museums, sport centers, gyms,
golf clubs, swimming pools, ice skating rinks, spas, thematic parks,
children parks and bowling alleys. In addition, when geographical data
were not available in the mentioned sources, “Google Earth Pro
(7.3.2.5776)” (2019) was used to calculate data regarding the surface of
cities (km2), green areas (km2) and pedestrian areas (km2), according to
the limited traffic areas of each city. Tables SM1-SM9 in the
Supplementary Material summarize the information compiled for each
city together with the corresponding year, source and scale, depending
on whether it is local, regional or national data.
3. Results and discussion
3.1. Ranking of cities
After compiling the inventory data for each indicator, the mathe-
matical methodology detailed in Section 2.1 has been applied in order
to obtain a composite indicator for each city and sustainability di-
mension. This composite indicator is the result of aggregating the cor-
responding values and the attributed weights. As a result, cities were
rated between 0 and 1. The values of the first and third quartiles be-
tween cities in the same size category were then calculated. Table 4
displays the values for the composite indicators of cities classified by
size. The distance between quartiles indicates the difference between
cities within the same size category. For example, in the medium size
category the difference between the quartiles for the economic factor is
0.069, while in the small size category it is 0.258. This implies that, in
economic terms, medium-sized cities are more similar to each other
than smaller cities.
Finally, the assignment to each city of a three-letter code was con-
ducted taking into account the values indicated in Table 4. Thus, cities
with a score higher than the third quartile have been rated as A in the
corresponding dimension of sustainability. Cities with values between
the first and the third quartiles have been rated as B, and consequently,
cities with values below the first quartile have been classified as C. For
example, Toledo, classified within the Small Size category, obtained a
score of 0.743 in the social composite indicator, a value clearly higher
than that corresponding to the third quartile (0.644). Thus, Toledo was
ranked as A in the social dimension. Following this approach Toledo
Table 3
Cities considered for assessment and main characteristics. Data of population size correspond to 2017.
Population size Population density GDP
(number of inhabitants) (inhabitants∙km−2) (€∙inhabitant−1) (Source) Year
Large Size
Valencia 787,808 5852 22,153 (1) 2014
Seville 689,434 4876 18,461 (2) 2015
Zaragoza 664,938 683 17,153 (3) 2011
Malaga 569,002 1439 17,021 (3) 2015
Murcia 443,243 503 19,227 (2) 2016
Palma de Mallorca 406,492 1949 27,994 (3) 2015
Las Palmas de Gran Canaria 377,650 3756 19,248 (2) 2015
Bilbao 345,110 8438 30,890 (3) 2012
Medium Size
Alicante 329,988 1640 18,191 (2) 2015
Cordoba 325,916 260 16,724 (3) 2015
Valladolid 299,715 1514 22,492 (2) 2014
Vigo 292,986 2685 24,416 (3) 2014
Gijon 272,365 1499 31,773 (3) 2014
L'Hospitalet de Llobregat 253,782 20,466 23,200 (1) 2016
Vitoria - Gasteiz 246,976 876 32,252 (3) 2012
A Coruña 244,099 6458 24,987 (3) 2014
Oviedo 220,301 590 38,656 (3) 2014
Santa Cruz de Tenerife 203,692 1353 19,217 (2) 2015
Pamplona 197,138 7803 29,100 (3) 2015
Small Size
Burgos 175,623 1640 27,205 (2) 2016
Albacete 172,816 141 19,067 (2) 2015
Santander 171,951 4947 15,826 (3) 2014
Logroño 150,979 1906 26,044 (2) 2015
Badajoz 150,543 105 15,748 (2) 2015
Huelva 145,115 953 18,125 (2) 2017
Tarragona 131,507 2272 41,900 (3) 2017
Ourense 105,636 1220 19,720 (3) 2014
Lugo 97,995 294 21,800 (3) 2014
Santiago de Compostela 96,456 440 32,637 (3) 2014
Toledo 83,741 361 17,169 (2) 2015
Pontevedra 82,671 684 21,253 (3) 2014
(1) City council website; (2) National Statistics Institute (Statistics National Institute, n.d.); (3) Regional Statistic Institute.
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obtained a three-letter code AAB (social-economic-environmental).
Having in mind the criterion described in Section 2.1.4 to define a city
as sustainable (sustainable cities are those that in the letter code obtain
at least one A and no C), Toledo can be considered as a sustainable city.
Accordingly, all cities have obtained a three-letter code between
AAA and CCC resulting in 27 possible combinations, of which only 7
should define a city as sustainable. The first letter corresponds to the
social aspect, the second to the economic variable and the third to the
environmental one. According to the results, 13 of the 31 studied cities
have been identified as sustainable, most of them being small-sized
cities. However, the best scores have been obtained in the cities cor-
responding to the medium-sized category, with two cities ranked with a
triple A code (AAA). This is why the C rank is concentrated in fewer
cities in the small towns: Alicante has two C and Huelva and Badajoz
have three C each. Therefore, the number of sustainable cities was
higher. In addition, there is much more dispersion in the values of the
composite indicators of the small cities, which indicates that the dif-
ferences between them are much greater. In the case of medium-sized
cities, the dispersion is much less than in the case of small cities, except
in the cases where it was rated AAA: Pamplona and L'Hospitalet de
Llobregat, which are outlined in all the composite indicators. Thus,
there is a greater number of cities between quartiles 1 and 3, and
therefore fewer sustainable cities.
On the other hand, there are four cities that have been classified as
CCC: Murcia, Gijon, Badajoz and Huelva. Moreover, all the cities under
study with the letter A in the environmental score achieve the sus-
tainability category as detailed in Table 5. The rationale behind this
finding could be cities with an important environmental commitment,
are usually those whose citizens have a certain welfare state, otherwise,
the municipality and citizens would give priority to economic and so-
cial development. On the contrary, there are some cities with an A in
the letter code corresponding to social or economic aspects which do
not achieve the category of sustainable city. These were the cases of
Palma de Mallorca, Santa Cruz de Tenerife or Santander, whose letter
codes were AAC, BAC and CAB respectively. The first two are cities with
high tourist influence, which brings great economic benefits, but which
demands a large consumption of electricity and water and generates
large amount of waste. On the other hand, the reason why Santander
has not been classified as sustainable is due to depopulation. Further-
more, in the case of Palma de Mallorca although its code has two A,
according to established criteria, does not reach the category of sus-
tainable. In this sense, a balance between social, economic and en-
vironmental indicators is required to be sustainable. Table 5 details the
different three-letter codes of the selected Spanish cities.
Bearing in mind that each composite indicator depends on multiple
indicators, it should be necessary to identify these indicators with the
lowest scores in order to propose for improvement. Table 6 shows the
cities ranked as CCC as well as the indicators that obtained a value of 0
after the normalization step.
In the case of the four cities ranked as CCC, it is important to note
how close they are to the threshold established by the first quartile. It is
thus possible to identify the indicators on which they have the lowest
scores in order to propose actions to improve the global performance.
The main differences between the first quartile value and the composite
indicator obtained correspond to the social composite indicator for the
cities of Badajoz and Huelva. The rationale behind these results is due
to the notable differences in the values achieved in the social indicators.
However, the social composite indicator in the case of Murcia is similar
to that of the first quartile. The same happened for the environmental
composite indicator in the case of Badajoz. These differences or simi-
larities indicate how close one city is to acquiring a B score on some of
the sustainability dimensions. Fig. 3 presents the values of the first
quartile and the values of the composite indicators for the cities that
have rated CCC.
In the case of Murcia, the social indicators “people per dwelling”
and “population density” are related to the size of the city and whether
or not it is a compact population. However, Murcia has the smallest
Table 4
Values for the composite indicators associated to each city for the three sus-
tainability dimensions and corresponding quartiles.
Large size
City Social Economic Environmental
Valencia 0.386 0.425 0.746
Seville 0.414 0.365 0.643
Zaragoza 0.514 0.383 0.629
Malaga 0.303 0.333 0.494
Murcia 0.375 0.307 0.415
Palma de Mallorca 0.565 0.545 0.455
Las Palmas de Gran Canaria 0.451 0.415 0.698
Bilbao 0.526 0.637 0.554
First quartile value 0.378 0.341 0.465
Third quartile value 0.523 0.515 0.684
Medium Size
City Social Economic Environmental
Alicante 0.313 0.435 0.601
Cordoba 0.405 0.326 0.586
Valladolid 0.491 0.460 0.624
Vigo 0.482 0.399 0.483
Gijon 0.347 0.335 0.446
L'Hospitalet de Llobregat 0.569 0.607 0.682
Vitoria-Gasteiz 0.662 0.448 0.502
A Coruña 0.557 0.449 0.505
Oviedo 0.517 0.432 0.552
Santa Cruz de Tenerife 0.450 0.468 0.416
Pamplona 0.688 0.516 0.774
First quartile value 0.405 0.399 0.483
Third quartile value 0.569 0.468 0.624
Small Size
City Social Economic Environmental
Burgos 0.516 0.553 0.577
Albacete 0.617 0.272 0.364
Santander 0.434 0.639 0.399
Logroño 0.749 0.518 0.459
Badajoz 0.311 0.242 0.388
Huelva 0.301 0.230 0.349
Tarragona 0.616 0.493 0.522
Ourense 0.493 0.475 0.468
Lugo 0.612 0.394 0.601
Santiago de Compostela 0.653 0.563 0.437
Toledo 0.743 0.566 0.500
Pontevedra 0.573 0.424 0.643
First quartile value 0.449 0.303 0.390
Third quartile value 0.644 0.561 0.564
Table 5
Cities studied with their corresponding three-letter code.
Big Size Medium Size Small Size
Valencia BBA Alicante CBB Burgos BBA
Seville BBB Cordoba BCB Albacete BCC
Zaragoza BBB Valladolid BBA Santander CAB
Malaga CCB Vigo BBB Logroño ABB
Murcia CCC Gijon CCC Badajoz CCC
Palma de Mallorca AAC L'Hospitalet de
Llobregat
AAA Huelva CCC
Las Palmas de Gran
Canaria
BBA Vitoria-Gasteiz ABB Tarragona BBB
Bilbao AAB A Coruña BBB Ourense BBB






Pamplona AAA Toledo AAB
Pontevedra BBA
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green area despite its surface is relatively large. Consequently, the city
should take into account the incorporation of both elements in future
urban planning strategies to achieve a sustainable category. In eco-
nomic terms, it highlights indicators related to the price of housing.
These indicators are stimulant indicators, that is high rental and sale
housing prices indicate the high purchasing power in the city. This
reality is explained by the low values of the “average household in-
comes” and “non-financial total incomes” that refer to tax collection.
Gijon is one of the few cities that do not comply with wastewater
discharge limits. Moreover, it is the medium-sized city with the highest
production of waste and must also improve the extension of green areas
in terms of environmental indicators. Consequently, the city should
take these aspects into account in its improvement strategy and pay
attention to the design of better urban planning having in mind both
wastewater and solid waste management.
On the other hand, although Gijon has been ranked as C in the
economic pillar, it has only obtained the lowest value in one economic
indicator. The reason for this result is due to the small difference be-
tween the quartiles in the case of economic indicators in medium-sized
cities, which means that cities with few differences in some values of
the indicators have a remarkably different result in the letter ranking.
Moreover, bearing in mind the social pillar, Gijon is the medium-sized
city with the lowest number of hospital beds as well as with the lowest
population ratio under 16 years of age.
Badajoz and Huelva, as shown in Fig. 3, have the greatest challenges
within social indicators. In the case of Badajoz with the lowest “ratio of
immigrants” within the category of small cities, it could imply a low
number of inhabitants of working age, which may also explain, together
with the low number of companies, the low GDP per inhabitant and the
low level of attraction as a working pole. Moreover, the low ex-
penditure on social services is easily related to municipal budget in-
dicators, which are also shown in Table 6.
Regarding Huelva, it is the small city with the highest number of
registered cases of gender-based violence and the highest ratio of un-
employed women. It therefore requires the promotion of gender
equality projects by city policy-makers.
In addition, some of these indicators have a high weight attributed
by the AHP methodology. This is the case of the number of registered
cases of gender violence or the total expenditure on social services in
the case of social indicators, the urban unemployment rate as an eco-
nomic indicator or the MSW collected within the environmental in-
dicators. This makes it more difficult for cities with low relative values
in these indicators to achieve sustainable city status.
According to geographical distribution, most sustainable cities are
located in the north, especially the geographical area in which Bilbao,
Vitoria-Gasteiz, Pamplona, Logroño and Burgos are located. On the one
hand, Bilbao and Vitoria-Gasteiz belong to the Basque country and this
region has an independent fiscal management; thus, the expenditure on
social services is the highest of all cities. Logroño also stand out for its
expenditure on social services and ranks as the first for the small-sized
city group. In the case of Burgos, it is the city with not only the lowest
unemployment rate of the small cities, but also it has a large surface of
green zones. Pamplona, on the other hand, has the smallest population
at risk of poverty in medium-sized cities, a low number of unemployed
people and a large number of sustainability plans. Therefore, Pamplona
together with L’Hospitalet de Llobregat are a good example of balance
between the three dimensions of sustainability. In addition, cases such
Toledo and L’Hospitalet de Llobregat could be positively affected due to
the proximity of both cities to Madrid and Barcelona respectively.
Contrary, the worst sustainability results were obtained mainly in
the south. This is due to the high rate of unemployment registered in
the regions of Andalusia, Murcia and Extremadura, as well as the high
ratio of population at risk of poverty. Moreover, in Andalusia the low
number of permanent contracts signed indicates a low quality of jobs.
This is in part because tourism is a key economic factor in the south of
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jobs (Martí et al., 2017). The geographical distribution of cities can be
seen in Fig. 4.
This inequality in terms of sustainability between the north and
south of the country is associated with historical reasons. Regional
differences in education in the preindustrial era between the north and
the south of Spain are linked to higher illiteracy rates in the south of the
country. Accordingly, there was greater industrial development in the
northern regions (Beltrán-Tapia and Martinez-Galarraga, 2018). Thus,
in regions such as Andalusia (south of Spain), most of the gross value
added comes from the agricultural sector. On the contrary, in other
regions such as the Basque country (north of Spain), the main economic
power is the industry, which generates much more wealth and, conse-
quently, increases indicators such as GDP and income per capita
(Beltrán-Tapia and Martinez-Galarraga, 2018; Tirado et al., 2016).
More recently, although Andalusia has made significant socio-economic
progress since Spain joined the European Union, it remains one of the
least developed regions in Europe (Cabello et al., 2019.). In addition, its
coastal areas have suffered more from the consequences of the eco-
nomic crisis on tourism (a key sector in its economy) than other areas
that affect other sectors indirectly (Cabello et al., 2019).
The criterion for defining sustainability proposed by this study is a
non-compensatory one, therefore good results in the environmental
pillar do not compensate for poor results in the economic and social
one. This consideration may affect some cities, such as Malaga, whose
city council has a solid environmental program with experience of more
than 20 years (City council of Malaga, 2017), but because it has a high
rate of unemployment and poverty, it does not qualify as sustainable in
this study. In addition, cities with a low ranking are taking measures
and actions to achieve a more sustainable city status. This is the case of
Murcia, where the University of Murcia launched a dissemination
project in collaboration with the city council and other institutions with
the aim of raising awareness and disseminating the different SDGs of
the Agenda 2030 (University of Murcia, 2019). In the same line, Gijon
developed a mobility plan in 2004 focused on the promoting of more
sustainable mobility systems in the city center (City council of Gijon,
2014). Seville, which also has its own mobility plan, has established a
series of objectives and strategies to achieve sustainable city status by
2030. Examples of these measures are the generation of employment
and economic development and the fight against poverty and social
inequalities, among others (City Council of Seville, 2019). Finally,
Zaragoza has implemented several actions within the framework of
Agenda 21, within four specific objectives: Integrating nature in the city
and its Area of Influence, improving air quality, promoting the devel-
opment of clean technologies and adopting operational systems for
waste management and improving water quality, reducing its in-
appropriate use and promoting its study (City Council of Zaragoza,
2005).
3.2. Relevance of the study
Concern about assessing urban sustainability has grown since the
Rio 1992 summit, from which the Agenda 21 program emerged
Fig. 3. Composite indicators and first quartile values of the cities rated as CCC.
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(Tanguay et al., 2010). Moreover, in 2015 the 193 member states of the
United Nations agreed on complying with the 2030 Agenda Action Plan
with one target goal focused on driving cities towards sustainability
(United Nations, 2015). As a result, several studies focusing on the
assessment of indicators in cities have been carried out in the last years
(Feleki et al., 2018). Furthermore, standardization organizations have
recently developed regularization work in the field of smart cities for
sustainable development (Marsal-Llacuna, 2016). In addition, outside
the scientific field, different city rankings have been published in sev-
eral journals at both Spanish and European levels, which identify not
only the quality of life of their inhabitants but also the socio-economic
and environmental impact of the activities carried out in their sur-
roundings (Batten, 2019; EI País, 2019; Mercer, 2018). These rankings,
further to being a way of comparing a city with others, may contain
useful information for interested parties and policy makers on the road
to the conception of a city more attractive for people, tourism and
business (Mercer, 2019).
However, there are still challenges for the society and researchers,
such as the definition of the concept of a sustainable city, as well as the
identification of the best indicators set to assess the sustainability
(Feleki et al., 2018). Furthermore, the established indicators could be
different for each case study because not all cities control the same data
due to the differences that may exist between the regions where each
city is located (e.g., different climate, culture, …) (Braulio-Gonzalo
et al., 2015). With these issues in mind, this study contributes, first, to
the application of the Leopold Matrix designed to select a suitable set of
indicators for the case study; and second, to propose a definition of
sustainable city through a three-letter code that requires a certain
balance in the three pillars of the sustainability to be accredited as a
sustainable city. The latter does not coincide with other studies (Batten,
2019; Siemens, 2012), where cities are classified in a ranking with a
score integrated by the three main pillars of sustainability but not with
the same weight, i.e. a high value in the economic pillar can compen-
sate a low value in the environmental one, and the city should be
classified as sustainable.
In addition, the classification of cities according to their size avoids
comparing large cities with small ones since they may have very dif-
ferent socio-economic realities, such as municipal budget, investment,
etc. which also affect the environmental behaviour of the cities. In this
sense, the challenges and sustainability plans that can be projected from
the results of this study are oriented towards reaching goals within the
limits of their size category. This study shows the current sustainability
picture of the most representative Spanish cities. However if the time is
managed as an additional variable, as well as to study cities for different
years, the trend of each city can be seen in a sustainability dimension.
For this purpose, collecting and monitoring data at city level is a key
factor in sustainability assessment (Ibrahim et al., 2018), as good data
quality improves the representativeness and plausibility of results.
In relation to the results obtained at the present study, they are in
line with other study available in the literature (Siemens, 2012), where
the cities ranked at the top in the sustainability scale were Bilbao,
Logroño, Pamplona and Vitoria-Gasteiz, which have reported good re-
sults in our study despite not having used the same set of indicators (see
Table 5). However, there are some differences compared to this study
due to the use of different indicators, and the way the ranking was
scored. In this document the scoring criterion is considered a three-
letter code which is a non-compensatory system; however, in the
Siemens study (2012) the scoring criterion is based on a compensatory
procedure. Thus, a low score in an indicator can be compensated by a
good result on another. Bearing it in mind, that is the reason why cities
such as Malaga or Zaragoza which have a good score the study con-
ducted by Siemens (2012), did not reach the category of sustainable
Fig. 4. Representation of results in colour categories where the lowest values in terms of sustainability that achieved a CCC score were represented in dark red and
the best values, with a AAA score, were represented in dark green.
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city using the three-letter code. Moreover, the three letter code de-
signed allows to identify the strengths and weaknesses of a city in a
simple and fast way. Therefore, the stakeholders and policy makers,
using a retrospective analysis, can easily identify the indicators which
need to be improved to reach the category of sustainable city.
4. Conclusions
Assessing sustainability at the city level remains a challenge. Many
studies focus on environmental aspects. However, sustainability implies
three dimensions: social, economic and environmental. Therefore, the
use of sustainability indicators can be considered as a potential as-
sessment method that incorporates non only environmental but also
socioeconomic factors. With the point to achieve the goals set out in the
Agenda 21, the use of sustainability indicators has grown in recent
years. However, there are different gaps in this type of analysis, such as
the identification of the adequate set of indicators, the scale of appli-
cation (city, metropolitan area…) and the lack of consensus on the
definition of sustainability, which makes it difficult to establish sus-
tainability thresholds. In addition, data collection and monitoring are
essential, but not all cities have equivalent level of data, which makes it
very difficult to determine the real state of a city.
This study develops a methodology to assess sustainability in cities
considering a set of Spanish cities as case study to demonstrate its ap-
plicability. For this purpose, a set of indicators covering the three pillars
of sustainability for the set of cities classified by size was selected and
measured. Moreover, each indicator was assigned a different weight as
a result of the application of the AHP methodology. A three-letter code
was developed to define the concept of sustainability, so that in order to
reach the category of sustainability, a balance between the three pillars
should be required. The results show that the cities located in the north
of the country achieve better scores than the ones located in the south.
The rationale behind these differences is associated with economic
factors (such as higher unemployment rates and fewer permanent
contracts in the south of the country) and social issues derived from the
economic ones, such as a high poverty rate in the south.
This three-letter code may be useful to get a quick idea of the state
of a city, but policy makers should need a retrospective analysis to
know which indicators achieve the worst scores in a certain city. In this
sense, sustainability plans and projects could be developed to improve
the category of that city from a sustainability approach.
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